Introduction {#Sec1}
============

Prostate cancer (PCA) is the second-leading cause of male cancer death in most industrialized countries (Boyle et al. [@CR5]). One out of six men in the United States and in most industrialized countries will be affected by PCA during his lifetime (SEER [@CR23]). These facts explain why there is an exceptional interest in scientifically proven evidence on whether organized prostate-specific antigen (PSA) screening reduces PCA mortality and what harms are associated with such screening. Until now, screening healthy men for PCA has shown to be feasible and acceptable in the large studies (De Koning et al. [@CR9]). The results of two large randomized studies with more than 75,000 cases and controls in each study were recently published (Schröder et al. [@CR22]; Andriole et al. [@CR1]), one showing a 20% reduction in the PCA death rate with a *p* value of 0.04, and the other showing no reduction.

Tyrol is one of the few countries where PSA testing was introduced already as early as 1988/89, and since 1993 it has been offered to all men aged 45--74 (Bartsch et al. [@CR2]). In 2006, we published an analysis of PCA mortality in Tyrol until the year of death 2003 and concluded that PSA testing offered free of charge to a population can reduce PCA mortality (Oberaigner et al. [@CR19]). Critical questions were raised about the short observation period and too small numbers and therefore unstable results. Recently, the mortality data for Austria to year of death 2008 were released, which enables us to update our analysis by adding 5 years to the observation period, namely 2004--2008.

Therefore, in order to determine whether PSA testing might be able to reduce PCA mortality in Tyrol, our goal was to update our analysis of PCA mortality in Tyrol by a 5-year period, namely by years of death 2004--2008.

Methods {#Sec2}
=======

Mortality data were analyzed for Tyrol, and for Austria excluding Tyrol. In Austria, mortality data are collected by Statistics Austria (Hansluwka [@CR11]); details are described elsewhere (Oberaigner et al. [@CR19]). We analyzed all cases coded for cause of death PCA as described above.

Population data are also collected by Statistics Austria. Census data are available for the years 1971, 1981, 1991 and 2001; for intercensus, years population figures are extrapolated based on births, deaths and migration information.

The male population of Tyrol in the last year of observation, namely 2008, was 343,340, and of Austria excluding Tyrol 3,715,295.

Analysis of mortality time trends was based on age-period-cohort (APC) modeling (Clayton and Schifflers [@CR7], [@CR8]). APC models allow separate effects to be estimated for age (A), period or year of death (P) and cohort (C) by means of Poisson regression. The method is identical to that used in our previous publication and was described there (Oberaigner et al. [@CR19]).

We fitted separate models for PCA mortality for Tyrol, and for Austria excluding Tyrol. For Tyrol, the APC model reaches 24 degrees of freedom (DF) and deviance 30.4, which seems to be reasonably good. For Austria excluding Tyrol, the APC model reaches 24 DF and deviance 103.0. For every step in model extension, the likelihood ratio test shows that the parameter effect is different from a zero effect. Thus, it is justified to add each parameter step by step.

For statistical analysis, the number of PCA deaths was aggregated in 5-year age groups, 5-year period groups and consequently 5-year cohort groups. There are a very few PCA deaths for age below 60 in Tyrol (3.3% of all PCA deaths). We thus decided to build the model for age groups beginning with age 60--64 and continue in 5-year age groups. Our hypothesis was that the mortality rate decreases following PSA testing, so the reference category for period was 1989--1993.

In order to rule out the possibility that the choice of the age of PCA deaths analyzed by us, namely 60+, had a predominant influence on the result, we performed a sensitivity analysis by applying the same model to age groups 50+, 50--74 and 60--74.

The analysis was performed with Stata Version 9, using poisson procedure for Poisson regression (Stata Statistical Software [@CR24]).

Results {#Sec3}
=======

Basic numbers of PCA deaths and age-standardized rates are given in Table [1](#Tab1){ref-type="table"}; Fig. [1](#Fig1){ref-type="fig"}. Effects of the APC model are described in Table [2](#Tab2){ref-type="table"}; reference category for age is the age group 60--64, for the period group 1989--1993 and for cohort the cohort group 1882--1886. Figure [2](#Fig2){ref-type="fig"} shows the period effects for Tyrol and for Austria excluding Tyrol.Table 1Prostate cancer mortality in Tyrol and in Austria excluding TyrolYear of deathTyrolAustria excluding TyrolNumberASR^a^NumberASR^a^19705617.167713.519714112.669513.519723911.070013.819735615.977914.919745113.877715.119754713.377114.719765214.780915.419775013.777914.219785715.286516.319796818.078314.419809022.984515.319815213.484915.319826917.187416.019836115.283715.119846817.183515.019857617.790515.519867016.792515.819878720.998416.919887115.794116.219897215.398617.019909620.31,01416.819919621.01,11018.319929118.31,04817.119939620.41,08117.719949519.599316.119959319.21,10917.419969117.81,07916.919978815.91,09616.919986011.31,07916.119997914.21,14316.920007913.71,15016.520018514.81,09916.120027914.01,05915.220036811.61,09215.520045910.21,08014.82005629.71,03513.720066810.51,01512.820077411.299212.12008639.01,12112.9^a^Age-standardized rate per 100,000 using SEGI weightsFig. 1Prostate cancer mortality: age-standardized rate in Tyrol and in Austria excluding Tyrol for years of death 1970--2008 (*vertical line* is end of previous publication)Table 2Results of the age-period-cohort model, drift in cohortTyrolAustria excluding TyrolEstimator95% CIEstimator95% CIAge 60--641.00Reference1.00Reference 65--692.051.65, 2.572.242.12, 2.38 70--744.633.73, 5.744.384.14, 4.64 75--797.866.23, 9.928.437.93, 8.97 80--8413.2910.23, 17.2714.4413.46, 15.48 +8521.4016.00, 28.6223.6521.88, 25.57Period 1970--19730.660.50, 0.860.860.80, 0.93 1974--19780.620.49, 0.790.880.83, 0.94 1979--19830.780.65, 0.940.860.82, 0.91 1984--19880.810.70, 0.950.910.87, 0.95 1989--19931.00Reference1.00Reference 1994--19980.970.84, 1.121.000.96, 1.04 1999--20030.860.72, 1.041.030.98, 1.08 2004--20080.700.57, 0.870.920.87, 0.97Cohort 1882--18861.00Reference1.00Reference 1887--18911.490.93, 2.381.241.10, 1.40 1892--18961.591.05, 2.421.271.14, 1.41 1897--19011.741.18, 2.551.351.22, 1.49 1902--19061.551.08, 2.241.411.28, 1.55 1907--19111.400.98, 2.001.441.31, 1.58 1912--19161.420.99, 2.031.431.30, 1.58 1917--19211.210.84, 1.741.291.17, 1.42 1922--19260.970.66, 1.421.141.03, 1.27 1927--19310.790.53, 1.201.100.98, 1.23 1932--19360.790.50, 1.251.050.92, 1.18 1937--19410.800.48, 1.340.890.77, 1.03 1942--1946^aa^Because there is drift in cohort, there is no estimator for the last cohort 1942--1946Fig. 2Prostate cancer mortality in Tyrol and in Austria excluding Tyrol for years of death 1970--2008, age 60+: estimated period effects

Age effects are of similar size for Tyrol and for Austria excluding Tyrol: as compared to age group 60--64, the effects are about 2, 5, 8, 14 and 22 for age groups 65--69, 70--74, 75--79, 80--84 and +85, respectively.

Period effects, each compared to years of death 1989--1993, are about 0.7--0.8 for the 1970s and 1980s in Tyrol, and about 0.9 for each of the two decades for Austria excluding Tyrol; details are shown in Table [2](#Tab2){ref-type="table"}; Fig. [2](#Fig2){ref-type="fig"}. In the time period after optional PSA testing was introduced for all men in Tyrol, for Tyrol we observe effects of 0.97 (95% confidence interval (CI) 0.84, 1.12), 0.86 (95% CI 0.72, 1.04) and 0.70 (95% CI 0.57, 0.87) for time periods 1994--1998, 1999--2003 and 2004--2008, respectively. For Austria excluding Tyrol, we observe effects of 1 (95% CI 0.96, 1.04), 1.03 (95% CI 0.98, 1.08) and 0.92 (95% CI 0.87, 0.97), again for time periods 1994--1998, 1999--2003 and 2004--2008, respectively. The confidence intervals for the risk ratios for Tyrol and for Austria excluding Tyrol for 2004--2008 overlap only at the border.

For Tyrol, the cohort effects are about 1.5 until 1916, after which we see a decrease to about 0.8 for cohorts born after 1930. For Austria excluding Tyrol, the cohort effects are rather stable with estimators between 1.20 and 1.40 and about 1 for cohorts born after 1927.

By extending and/or subsetting the age of PCA deaths in the analysis for the time period 2004--2008, we observe estimators of 0.70 (95% CI 0.51, 0.95), 0.47 (95% CI 0.30, 0.75) and 0.40 (95% CI 0.26, 0.61) for age groups 50+, 50--74 and 60--74, respectively, each compared to 1989--1993. Details of period estimators are shown in Table [3](#Tab3){ref-type="table"}.Table 3Sensitivity analysis of the age-period-cohort model by subsetting age groups, period estimatorsAge 50+Age 50--74Age 60--74Estimator95% CIEstimator95% CIEstimator95% CIPeriod 1970--19730.660.44, 0.990.620.34, 1.130.590.37, 0.96 1974--19780.630.45, 0.870.620.3, 1.030.590.37, 0.93 1979--19830.780.61, 0.990.730.49, 1.110.700.46, 1.04 1984--19880.820.70, 0.980.990.73, 1.360.960.69, 1.34 1989--19931.00Reference1.00Reference1.00Reference 1994--19980.950.80, 1.120.860.64, 1.170.900.66, 1.23 1999--20030.860.68, 1.090.620.42, 0.920.550.37, 0.80 2004--20080.700.51, 0.950.470.30, 0.750.400.26, 0.61

Discussion {#Sec4}
==========

Our analysis is based on an observational study of PCA mortality data conducted in the population of Tyrol, where PSA testing has been offered to men free of charge since it was introduced in the early 1990s. For Tyrol, we observed a mortality reduction of 14% for 1999--2003 and 30% for 2004--2008, and for Austria excluding Tyrol a mortality reduction of 8% for 2004--2008. The reduction for 2004--2008 is statistically significant for both Tyrol and Austria excluding Tyrol.

Are observations for Tyrol and for Austria excluding Tyrol plausible? {#Sec5}
---------------------------------------------------------------------

Our main study design is a historical comparison within Tyrol. The second comparison, although not formally included in the model, is between Tyrol and Austria excluding Tyrol. In the absence of PSA testing, we have good reasons to assume parallel time trends in PCA mortality in both regions, because health services in general as well as the diagnosis and therapy for cancer patients are uniform throughout Austria. Therefore, it is likely that the reduction in PCA mortality in Tyrol is mostly due to PSA testing, which was the main difference in PCA management between Tyrol and Austria excluding Tyrol up to 2000. In Tyrol, PSA cutoff levels equalled to 2.5, 3.5, 4.5 and 6.5 in age groups 40--49, 50--59, 60--69 and 70--79, respectively, up to October 1996 and were cut in half to 1.25, 1.75, 2.25 and 3.25 in the same age groups mentioned above (Bartsch [@CR3]). Nevertheless, some smaller part of the reduction could be a consequence of other unknown factors. Whereas in Tyrol, PSA testing was introduced already in the early 1990s, in Austria excluding Tyrol PSA testing began some 7--10 years later. A look at PCA incidence (Statistics Austria [@CR25]) supports this interpretation (see Fig. [3](#Fig3){ref-type="fig"}), because to our knowledge the introduction of PSA testing is the only possible explanation for the sharp increase in PCA incidence in Austria excluding Tyrol between 1995 and 2000. Hence, the 8% PCA mortality reduction in Austria excluding Tyrol could also be due to PSA testing.Fig. 3Prostate cancer incidence: age-standardized rate in Tyrol and in Austria excluding Tyrol for years of diagnosis 1983--2007

Compared to the literature, what this study adds to known facts? {#Sec6}
----------------------------------------------------------------

It is well known that observational studies are prone to a number of possible biases (e.g. confounding), and we expect much stronger evidence from randomized studies. To date, we know of results from four randomized studies on PSA screening and mortality, see (Boyle and Brawley [@CR4]) for a discussion of the randomized studies. However, due to contamination and attendance, the true value of screening could have been underestimated (van Leeuwen et al. [@CR26]). Therefore, efforts have been taken to control for contamination and attendance in the ERSPC studies, and after correcting for these biases our result is in line with other results, see for example (Robool et al. [@CR21], van Leeuwen et al. [@CR26], Kerkhoff et al. [@CR16], Hugosson et al. [@CR13]), bearing in mind that our approach is rather conservative because we have no age limit on PCA mortality cases.

The number needed to treat was reduced from 1,410 in the ERSPC study (Schröder et al. [@CR22]) to 293 in the Göteburg study (Hugosson et al. [@CR13]). Therefore, we feel it is time to revise the conclusion drawn by Boyle and Brawley, which was based on the original ERSPC results.

The advantage of our study is that it permits us to investigate the effect of PSA screening in a real-life situation. While randomised studies concentrate on the efficacy of screening, we analyze the effectiveness of a PSA testing program conducted in a well-defined population. But, of course, we cannot overcome problems that are inherent to nonrandomised studies.

In order to rule out the possibility that the model choice had a predominant effect, we compared our results with results obtained with a joinpoint regression model. We applied the SEER package (Joinpoint [@CR15], Kim et al. [@CR17]), see Fig. [4](#Fig4){ref-type="fig"}. The results fit to the results obtained with the APC model, with a reduction in Tyrol beginning at about 1990 and in Austria excluding Tyrol at about 2000. The size of the mortality decrease given by the joinpoint regression model is even greater, meaning our estimates are rather conservative. In addition, we conducted a sensitivity analysis of the influence of age by extending and/or subsetting the analysis to age groups 50+, 50--74 and 60--74 (see Table [3](#Tab3){ref-type="table"}) and obtained stable estimates.Fig. 4Prostate cancer mortality in Tyrol and in Austria excluding Tyrol for years of death 1970--2008: result of joinpoint regression for age-specific rate age 60+. Annual percentage change for Tyrol 2.8\* (1970--1992), −5.3\* (1992--2008) and for Austria excluding Tyrol 3.6\* (1970--1978), 1.4\* (1978--1991), −0.3 (1991--1999), −3.8\* (1999--2006), 2.4 (2006--2008), \*denoting statistical significance

Limitations {#Sec7}
-----------

The facts that PSA testing was already introduced in Tyrol around 1990 and that about three-fourths of all men aged 45--74 have undergone at least one PSA test for screening purposes seem to be good reasons for conducting this analysis. However, we are faced with severe limitations.

First, and this is probably the most severe limitation, our analysis is based on an observational design, which does not allow for any control of confounders. We conducted a comparison with a historical control group and attributed the main effect to PSA testing. Of course, we cannot rule out the possibility that other factors contributed to the reduction in PCA mortality.

Second, the outcome measure we analyzed is PCA mortality, and we have no validation of PCA as cause of death. We know that mortality statistics in Austria has been of high quality for decades (Hansluwka [@CR11]). Linking mortality data with the Cancer Registry data gives an estimate of false-positive PCA deaths: about 95% of those PCA deaths showed a PCA diagnosis in the Cancer Registry database. This proportion does not change over time (data not shown).

Third, we have no detailed knowledge of the volume of PSA testing. For Tyrol, we collected data from all PSA labs and estimated the PSA testing rate. After 9 years of intense PSA testing, we estimate that 75.1% of all men aged 45--74 in Tyrol have had at least one PSA screening test (Oberaigner et al. [@CR19]).

Fourth, we have only a very limited data on harms caused by PSA testing. Pelzer analyzed 1,445 consecutive patients undergoing radical prostatectomy at the Department of Urology of Innsbruck Medical University and concluded that the rate of overdiagnosis is small (between 8 and 17%), but also noticed underdiagnosis (Pelzer [@CR20]).

After weighing all limitations and strengths, our personal estimate is that although these limitations exist and cannot be formally ruled out, it is unlikely that all possible biases could have caused a 50% reduction in PCA mortality in men aged 50--74, albeit some part of this reduction can be due to a combination of biases.

Our study concerns a well-defined population of Tyrol, where we have some knowledge of PSA testing rates and information on therapy offered to the population. The APC model fits well for Tyrol, and when compared to Austria excluding Tyrol the PSA testing rate seems to be the main factor which is able to explain the difference in time trends between Tyrol and Austria excluding Tyrol. Of course, our analysis cannot overcome the problems of nonrandomized studies, but it can provide further information on the potential benefits of PSA testing or screening.
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